. Deregulated cdk5 hyperphosphorylates tau, forms, including some that lack EF-hand domains. The which promotes neuronal death. Administration of calprotease region is not affected by the endogenous pain inhibitors has been shown to lessen or prevent inhibitor, calpastatin, and may contribute to calpaintissue damage, but the toxicity and lack of specificity mediated pathologies when the core is released by of current inhibitors weakens the effectiveness of such autoproteolysis.
Results
in tryptophan fluorescence ( Figure 1C, inset) . At the end of this sigmoidal phase, the kinetic parameters for SLY-MCA hydrolysis in the presence of 0.5 mM CaCl 2 (K M ϭ I-II as a Minicalpain A construct containing only the active site domains I-II 0.335 Ϯ 0.006 mM, k cat ϭ 4.27 Ϯ 0.47 ϫ10 Ϫ4 s Ϫ1 ; Figure  1D ) indicate that I-II is weakly active compared to intact was expected to be free of restraining interactions from neighboring regions and might therefore function in the m calpain (K M ϭ 0.212 Ϯ 0.017 mM, k cat ϭ 0.016 Ϯ 0.001 s Ϫ1 ), mainly due to a 37.5-fold lower turnover number absence of Ca 2ϩ . We showed, however, that recombinant I-II is completely lacking in proteolytic activity in (k cat ). Addition of more CaCl 2 ( Figure 1C ) resulted in a hyperbolic increase in activity ( Figure 1C) Figure 1D ). Only during this second enzyme to substrate molar ratio of 1:25 and in the presence of 1 mM CaCl 2 , I-II cleaved the large subunit phase could MgCl 2 (and to a lesser extent NaCl) substitute for CaCl 2 ( Figure 1C) . The nonspecific effect of these of the inactive m calpain heterodimer C105S-m80k/21k (Elce et al., 1995) to generate 55 kDa, 40 kDa, and 24 salts was to raise the turnover number for I-II to ‫3/1ف‬ that of m calpain (at Ͼ100 mM CaCl 2 ; Figure 1C ). kDa fragments ( Figure 1A) The major discovery of this study is that Ca 2ϩ binds cooperatively to two non-EF-hand sites in the protease nating residues in DI belong to a flexible loop (96-108). The movement of this loop appears to be the only significore, DI and II, of calpain. Binding at these regulatory sites aligns the active site cleft and converts the core cant energetic barrier that Ca 2ϩ binding has to overcome in DI. As this loop adopts the Ca 2ϩ bound conformation, into an active enzyme with calpain-like specificity. One reason why the protease core is less active than wild-R104, which in the inactive heterodimer is surface exposed, is brought around the 328-332 loop of DII and type calpain at submillimolar CaCl 2 concentrations could be the loss of structural support from neighboring positioned at a less surface-accessible site to interact with the side chain of E333 (Figures 4C and 4D) .
domains, particularly DIII. In the absence of the domain contacts that occur within the wild-type calpain environNone of the Ca 2ϩ -coordinating residues in DII provide an already existing nucleation site for Ca 2ϩ binding (Figment, the activity of the protease core can be partially restored by divalent cations (and to a lesser extent by ure 4E). Moreover, the energetic barrier is presumably larger than in DI, as two loops, rather than one, have to NaCl), which might help compensate for missing salt linkages and induce tightening of the exposed hyundergo major rearrangement, and the Ca 2ϩ -coordinating residues must move farther than in DI. Furthermore, drophobic patches at the lost interface. It is perhaps -CAPN2), human m calpain (h-CAPN2), human p94 (h-CAPN3), rat nCL2 (r-nCL2), human nCL4 (h-nCL4) , Drosophila melanogaster calpA (Dm-calpA), and Caenorhabditis elegans tra3 (Ce-tra3). Accession numbers for these isoforms are NP_062025.1, AAA16327.1, A31218, A56218, A48764, XP_001445.1, CAA55297.1, and S71885, respectively. The identity level between isoforms is indicated in black (100%), green (Ն75%), and yellow ( Release of constraints is a precondition of activation, so that stage 2 cannot take place before stage 1. This conformation. These conformational changes define a novel Ca 2ϩ binding mechanism that leads to activation was shown by mutations that reduced the Ca 2ϩ binding affinity at one or more EF-hands in one or both of DIV of these Ca 2ϩ signaling proteases, which then precisely cleave specific downstream targets in a variety of signaland VI (Dutt et al., 2000) . As Ca 2ϩ binding at one or more EF hands in the large and small subunits was reduced ing pathways, in turn modulating their activities. calpains, such as the p94 isoform, the E333 and R104 
